
































































































































































































Some of the support for the elevation variation of wind primarily stems from 
generalizations employed in the Bradley Creek estimate (U.S. Weather Bureau 1961) 
which was based partly upon more extensive work done in generalized estimates 
along the west coast of the United States (U.s. Weather Bureau 1961, 1966b). 
High-dew-point situations in southeast Alaska support a large increase in wind 
with height above the lowest layers. 

Because of the nature of the terrain in southeast Alaska, together with a 
pronounced overall stabilizing effect of the cold waters on the low-level winds, 
we concluded that the most pronounced increases in winds should take place 
somewhat above the surface layers. This is unlike the variations for both the 
coast range and the Sierras of California where sharp increases of wind with 
elevations in the low levels are more realistic. (This is due to extensive 
mountain chains providing a greater disturbance and mixing of air). 

4.4.2 Winds Prior to Probable Maximum Precipitation 

Sequences of winds were generalized for periods prior to the 3-day PMP for both 
high-dew-point and high-temperature situations. The main differences between 
high-temperature and high-dew-point cases are for the first 3 days prior to the 
first day of the PMP. For durations beyond this number of days (that is, 3 days 
of PMP and 3 prior days) differences between these two situations must diminish 
or, if very long sequences are required, probably reverse, since maximum 
sustained (or average) winds for long durations such as a month exert some 
definite limitations on the sequences of duration that. are of many days' 
duration. 

4.4.2.1 Winds Prior to Probable Maximum Precipitation - High-Dew-Point Case. 
For wind criteria prior to PMP in the high-dew-point case, winds as percentages 
of maximum 1-day PMP wind are 55, 65, and 32 percent, respectively for 1, 2, and 
3 days prior to the first day of the 3-day PMP. For the fourth day prior and for 
additional days prior to 4 days, 29 percent is to be used. These wind criteria 
are shown schematically on figure 36. These adopted percentages, combined with 
the wind for the 3 days of PMP, would give a 6-day average surface wind of about 
26 mph (11.6 m/s). As a basis for judging the reasonableness of this 6-day 
average, the highest Juneau wind for 5 consecutive days was 18.5 mph (8.3 m/s) on 
May 4-8, 1958. Annette's highest 5-day wind was 21.4 mph (9.6 m/s). 

Our .6 days of wind criteria with the suggested 29 percent (for the 
high-dew-point case for additional days prior to the 3-day PMP (fig. 36) would 
result in a month of maximum wind (not reduced for over-snow occurrences) of 
about 17 mph (7 .6 m/s). This is approximately twice the mean April wind for 
Juneau. For Juneau the highest observed average monthly wind for May was equal 
to 1.4 times the mean, or 11.2 mph (5.0 m/s) in May 1955. Other data support the 
idea that a monthly average wind of about one and one-half times the mean is a 
rather extreme wind for such a duration. This, then, offers constraints on winds 
of duration shorter than a month but longer than a few days. Thus, for the 
windier high-dew-point case, it appears our wind criteria are amply severe for 
durations beyond that of the 3-day PMP. 

The adopted wind criteria, based much on prior Alaskan work (e.g., U.S. Weather 
Bureau, 1966a) gives a wind ratio between monthly and 5-day values of 0.61. This 
ratio is the same as one derived from Juneau's maximum winds, a 11.2 mph 
(5.0 m/s) wind for the month and a 18.4 mph (8.2 m/s) wind for 5 days. 
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The elevation variation of wind in the high-dew-point prior-to-PMP case is the 
same as that for the 3-day PMP winds (table 19). 

4.4.2.2 Winds Prior to Probable Maximum Precipitation - High-Temperature Case. 
For wind criteria prior to PMP for the high-temperature case, the adopted winds 
as percentages of the maximum 1-day PMP wind are 42, 55, and 19 percent, 
respectively for 1, 2, and 3 days prior to the first day of the 3-day period. 
These criteria are less than those adopted for the high dew point prior to the 
PMP case. For the fourth day prior to the PMP and for additional earlier days, 
29 percent is to be used. These wind criteria are also shown schematically on 
figure 36. 

4.4.2.3 Elevation Variation of Winds in High-Temperature Case. The variation of 
wind with height for the high-temperature case is shown in table 20. This table 
was developed from the prior studies for specific Alaskan basins. 

Table 20.-El.evation adjustments for wind for 
high-temperature case prior to probable 
maximum precipitation 

Elevation Wind 
ft. (m) (% of 1,000-mb wind) 

1,000 305 102 
1,500 457 106 
2,000 610 110 
3,000 914 118 
4,000 1220 127 
5,000 1524 134 
6,000 1829 140 
7,000 2134 145 

>7,000 construct smooth curve and ex.tend. 

4.5 Support for Adopted Wind and Temperature Criteria 

In a recent climatic atlas for Alaska (Brower et al. 1977), a comparison of a 
considerable amount of summarized data supports the similarity of climate between 
the south coast and southeast Alaska. Also, supported in this Atlas are the 
various combinations of data used in the generalized snowmelt portion of this 
report. One important example of the latter is the dual combination of 1 ight 
winds with the high-temperature prior-to-PMP melt sequence and the stronger winds 
with the 1 ower-temperature (but higher dew-point) sequence. These dual melt 
criteria and the similarity of these criteria for the south coast and southeast 
Alaska are both supported by the climatic data. Figure 37, taken from Brower's 
work, shows for May as an example, the similarity for areas C, D, and E (South 
Coast) with F (southeast Alaska). The stronger winds are associated with the 
"moderate" (neither high nor low extremes) marine climate temperatures. High 
temperatures can be seen to be associated with 1 ight winds from the same 
figure. This is consistent with the synoptic conclusions on high insolation melt 
situations common to the south coast and southeast Alaska, as well as th 
interior. 
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Figure 37 .-Relation of wind to temperature for differing marine areas (from 
Brower et al. 1977). 
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4.6 Stepwise Procedure for Snowmelt Criteria (Other Than Snowpack) 

We shall now briefly give the steps for obtaining snowmelt by the application 
of criteria that are shown schematically in figures 33 (temperature), 35 (dew 
point), and 36 (wind). The steps in sections 4.6.1 through 4.6.7 are identified 
on the appropriate figures with subscripts relating to the lettered step and 
numbered section, e.g., (b) 1 indicates step b. in section 4.6.1. 

4.6.1 Steps for Obtaining Temperatures Prior to Probable Maximum Precipitation. 

The schematic of figure 33 shows an outline of this sequence of steps. 

a. Read sufficient midmonth values of mean monthly 
1000-mb temperatures (fig. 31) at the center of the 
basin to construct a smooth temperature-time relation 
for interpolation of first day prior to the 3-day PMP 
event. 

b. Apply the departures for high-t~mperature case shown 
(b) 1 in figure 33 to the value from step (a)l. If any 
temperature higher than 62°F (16.7°C) results, use 
62°F (16.7°C) for such cases. 

c. Apply the departures for high-dew-point case shown 
(c)l in figure 33 to the value from step (a)l• 

d. Obtain elevation-adjusted values by subtracting 
4°F/l,OOO ft (2.2°C/305 m) for the high-temperature 
case (d) 1 (temp) and 3°F/l,OOO ft (1.7°C/305 m) for 
the high-dew-point case (d) 1 (d.p.), respectively, to 
the low-level values obtained in steps (b)l and (c)1• 

4.6.2 Steps for Obtaining Dew Points Prior to Probable Maximum Precipitation 

The schematic of figure 35 shows an outline of the sequence of these steps. 

a. For the high-temperature case, apply the adjustment 
shown (a) 2 under high-temperature case (fig. 35) to 
the values obtained in steps (b) 1 , or (d)1 (temp.). 
Application to step (d)/ (temp.) values allows for 
the -4°/1,000 ft (-2.2°C 305m) elevation adjustment, 
and an additional adjustment for elevation should not 
be applied. 

b. For the high-dew-point case, apply adjustments shown 
(b)z in figure 35 for the high-dew-point _case to the 
values obtained in steps (c) 1 , or (d) 1 (d.p.). For 
example, for the fourth day prior to the first day of 
the 3-day PMP event in the high-dew-point case, the 
dew point is 6°F (3 .3°C) less than the temperature 
for the fourth day prior to first day of the 3-day 
PMP event. Again, as in step (a)z of this section, 
the use of step (d) (d.p.) values allow for the 
appropriate elevation variations, which in the high-
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dew-point case is -3°F/1,000 ft. (-1.7°/305 m), and 
an additional adjustment should not be applied. 

4.6.3 Steps for Daily Dew Points and Daily Temperatures During Probable Maximum 
Precipitation 

Since temperatures during the 3-day PMP event are the same as the dew points, 
the sequence of 24-hr dew points are determined (fig. · 35). The half-day 
temperature and dew-point problem is covered under section 4.6.4. 

a. To get daily dewpoints (and, also temperatures) 
during the 3-day PMP event, midmonth daily maximum 
dew points are read from the center of the basin in 
appropriate maps in figure 34. 

b. From midmonth maximum values from step (a) 3 , plot and 
obtain from a smooth curve connecting the values the 
appropriate maximum 1-day dew point (and also 
therefore temperature) for maximum day of the 3-day 
PMP event. 

c. For second highest day of the 3-day PMP event, 
subtract 2°F (1.1°C) from value in step (b)3. 

d. For the third highest day of the 3-day PMP event, 
subtract 4°F (2.2°C) from value in step (b)3. 

e. For e~evation variation, apply -3°F/1,000 ft 
(-1.7°C/305 m) to the values in steps (b)3, (c)3, and 
(d)3. 

4.6.4 Steps for Obtaining Half-Day Dew-Point and Temperature Values. 

The schematic illustrating the steps for obtaining half-day dew-point values is 
the lower half of figure 33 while that for half-day temperature values is shown 
on the lower part of figure 35. 

For basins not located at sea level, required elevation adjustments should be 
completed prior to proceeding to the steps for obtaining half-day values. 

a. For half-day dew-point and temperature values during 
the 3-day PMP event, apply..:!:.2°F (+1.1°C), (a)4, to 
the values obtained in steps (b)3 through (d3 ) or 
(e3) as appropriate (fig. 35). 

b. For prior to the 3-day PMP event half-day dew-point 
criteria for the high-temperature case, apply + 3°F 
(+ 1.7°C), (b)4, to the appropriate values from--step 
(a)z· 

c. For prior to the 3-day PMP event half-day dew-point 
criteria for the high-dew-point case, apply + 2°F (+ 
1.1 °C), (c)4, to the appropriate values obtained i-; 
step (b)z· 
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d. For half-day temperatures prior to the 3-day PMP 
event, for the high-temperature case, apply + 9°F 
(~ 5.0°C), (d) 4 , to the values obtained in step;-(b) 1 
or (d) 1 (temp.), as appropriate. 

e. For half-day temperatures prior to the 3-day PMP 
event for the high-dew-point case, apply + 6°F 
(~ 3.3°C), (e)4, to the values obtained in step-; (c)1 
or (d) 1 (d.p.), as appropriate. 

4.6.5 Steps for Obtaining Winds During Probable Maximum Precipitation 

Figure 36 is the schematic showing wind criteria. 

4.6.6 

a. The 3 days of April sea-level wind of 36, 28, and 
25 mph (16.1, 12.5, and 11.2 m/s) are multiplied by 
appropriate percent (mid-April = 100 %) to obtain the 
3 days of wind for the chosen date of PMP placement 
(fig. 36). The percents shown in figure 36 are 
midmonth values, and values for intermediate dates 
should be interpolated as necessary. 

b. To determine the barrier influencing a basin, lines 
are drawn from the center of the basin toward 256°, 
229°, 202°, 175°, and 148°. The maximum barrier from 
figure 5 along each of these lines that reaches a 
moisture source is tabulated and the average of these 
determined. The barrier reduction to winds is then 
determined as the product of the average of the 
elevations in thousands of feet times 5 percent. The 
surface winds from step (a) 5 are reduced by this 
percentage. 

c. To adjust the barrier adjusted sea-level winds for 
elevation to provide a wind profile, the elevation 
adjustment is applied to the winds of step (b) 5 • The 
percentage adjustments are determined from the 
elevation adjustment box, (c)5 in figure 36. For 
example, for 2,000 ft (610 m) 'the values from step 
(b) 5 are multiplied by 1.41. 

Steps for Obtaining Winds Prior to the 3-Day Probable Maximum 
Precipitation - High-Temperature Case 

The lower right-hand side of figure 36 shows a schematic of the steps required 
to develop winds prior to the PMP storm for the high-temperature case. These 
steps are: 

a. For the high-temperature wind sequence, the maximum 
barrier-adjusted 1-day sea-level wind from step (b) 5 
is multiplied by the percents shown in the boxes on 
the lower right side of figure 36. Thus, for a wind 
sequence leading up to the PMP these percentages 
are: 29, 29, 29, 19, 55, and 42. 
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b. The elevation variation for the high-temperature case 
winds from step (a) 6 comes from application of the 
percentages in the elevation adjustment box near the 
bottom of figure 36. For example, for 2,000 ft 
(610 m), the winds from step (a)6 are multiplied by 
1.10, or for 6,000 ft (1,829 m) by 1.40. 

4.6.7 Steps for Obtaining Winds Prior to the 3-Day Probable Maximum 
Precipitation -- High-Dew-Point Case 

The lower left-hand side of figure 36 shows the schematic of the steps 
required to develop winds prior to the PMP storm for the high-dew-point case. 
These steps are: 

a. For the high dew-point wind sequence, the maximum 
barrier adjusted 1-day wind from step (b) 5 is 
multiplied by the percents shown in the boxes at the 
lower left side of figure 36. Thus, for a wind 
sequence leading up to the 3-day PMP event, these 
percentages are 29, 29, 29, 32, 65, and 55. 

b. The elevation variation for the high-dew-point case 
winds from step (a) 7 comes from application of the 
percentages in the elevation adjustment box in the 
upper right corner of figure 36. (This is the same 
elevation used for winds during the 3-day PMP storm, 
step (c) 5 .) For example, for 2,000 ft (610 m) the 
winds from step (a)7 are multiplied by 1.41, or for 
6,000 ft (1,829 m) by 2.35. 

4.7 Snowpack Criteria 

4.7.1 Introduction 

The development of generalized snowpack criteria involved (a), the integration 
of a variety of data including snow-related data that went into the development 
of the MAP chart (chapter 2), (b) the use of certain guiding principles related 
to geographical and weather-related controls of snow accumulation and retention, 
and (c)~ preliminary computations at a variety of locations and subsequent 
development of appropriate charts to synthesize overall consistency. The 
resulting procedure allows for regional, elevation, and seasonal variations. The 
charts and stepwise procedure thus allows the user to obtain, for a particular 
basin, snowpack and subsequent critical melt for a variety of placement dates of 
PMP. 

4.7 .1.1 Working Hypotheses. Other things being equal, snowpack must increase 
inland (for given elevations of comparable exposure, etc.) due to a temperature
dependent factor. Over our study area, temperatures decrease inland, generally 
from southwest-to-northeast, resulting in increased snowpack (for the same MAP, 
for example) since more of the precipitation within storms falls in the form of 
snow, and the season for snow begins sooner and ends later as one moves away from 
the coast. We need to keep in mind, that here we are referring to a temperature 
factor (or gradient) related to distance away from the warmer coastal areas. 
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Temperature reduction, as related to elevation, 
elevation-dependent temperature factor is dealt 
snowpack with regional variatibns of MAP. 
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Since our snowpack procedure relates strongly to MAP, we need to clarify 
certain principles related to our use of the MAP for the study area to estimate 
snowpack. The underlying principles of interpretation and use are: 

a. A large quantity of data, including snow-related 
data, went into the MAP chart. 

b. For snowpack purposes, one possibility considered was 
the use of a MAP index which would maximize snowpack 
(implicitly at all elevations) by using a certain 
ratio (e.g., 12Spercent) of MAP to represent an 
unusual year. 

c. Since overly excessive snowpacks (i.e., more than 
could melt in a season) result at the higher 
elevations from application of b., we chose to use 
the unadjusted MAP chart in a manner which 
accomplishes the desired aim of maximizing snowpack 
(compared to normal) at the lower elevations, 
especially where smaller snowpacks typically exist 
that can be melted in a hydrologically critical 
period. 

4.7.2 Background Data 

A variety of information is available which provides perspective on the 
magnitude of snowpack that could be present prior to the PMP. Some of these data 
can only be used indirectly. 

4.7.2.1 Snow-Course Data. Some snow-course data were available within the study 
region. These data were limited in length of record and did not sample the 
entire range of elevations and exposures in southeast Alaska. The maximum 
observed values (table 21) at these locations do, however, provide a lower limit 
to an extreme snowpack compatible with the PMP. 

Table 21.--Maximum observed and mean snowpack water-equivalent values for 
selected snowcourses in southeast Alaska 

Elevation Maximum observed Mean 
Name ft m in. mm in. mm 
Crater Lake 1,750 533 87.5 2,222 70 1,778 
Speel River 280 85 52.0 1,320 35 889 
Long Lake 1,080 329 59.0 1,499 46 1,168 
Douglas Ski Bowl 1,640 500 42.0 1,067 38 965 

Range in mean snowpack 660 201 27-34 686-864 
values for snow courses 2,000 607 66-71 1676-1803 
near Ketchikan for two 
elevations 
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4.7.2.2 Station Data. One approach for determining maximum snowpack is the use 
of a "synthetic season." This approach played an important role in Yukon 
estimates (U.S. Weather Bureau, 1966a). In this method, the maximum observed 
snowpack value for each month for a station is combined without regard to the 
year of occurrence. This synthetic season approach was also used in this study 
for southeast Alaska as an aid in defining snowpack. For example, the synthetic 
season snowpack water equivalents for two widely separated~stations, Juneau and 
Tree Point Light Station, were 17 in. (432 mm) and 65 in. (1651 mm), 
respectively. Each station had a MAP of approximately 100 in. (2540 mm). The 
synthetic season approach was used for all useful data in southeast Alaska with 
initial values "normalized" to remove orographic effects with initial "shaping" 
determined by two reasonable hypotheses (sec. 4.7.1). 

Statistical estimates of water equivalent amounts provide another approach 
useful where reasonable lengths of record are available. Such estimates of 
snowpack water equivalents were made from seasonal maximum data at Juneau and 
Annette using the Fisher-Tippett type I distribution. These gave estimated 
1 percent frequency values of about 11.5 in. (292 mm) for Juneau and about 6 in. 
(152 mm) for Annette. 

4.7.2.3 Snowmelt Computations. A method was developed, chapter 2, for 
estimating snowmelt from monthly and seasonal streamflow data with adjustments 
for concurrent precipitation. The 1963-64 season was quite unusual for snow 
cover and the subsequent snowmelt~ The estimated snowmelt (taking note that the 
contributing portion of the basin differs as melt progresses) for five basins 
(fig. 5 for locations) in 1964 were: 

1. Perserverance Creek, 28 in. (711 mm). 

2. Fish Creek near Ketchikan, 34 in. (864 mm). 

3. Manzanita Creek, 42 in. (1067 mm). 

4. Winstanley Creek, 34 in. (864 mm). 

5. Baranof River, 71 in. (1803 mm). 

4.7 .2.4 Previous Snowpack Estimates. A prior detailed estimate for Long Lake 
Drainage resulted in estimated values of snowpack (water equivalent) from 50 in. 
(1270 mm) at 814 ft (248 m) to 90 in. (2286 mm) at 3,500 ft (1,067 m) for 
April 15. This study also provided important input to the present study. 

4.7.3 Procedure for Snowpack Determination 

The total snowpack for this region was determined through a series of steps. 
These steps then form the basis for the stepwise procedure the user follows to 
determine maximum snowpack for individual basins. The first approximation is 
based on the MAP. This is adjusted for the percent of MAP that occurs as rain 
(i.e., length of accumulation season) and the amount of snow that melts between 
the end of the snow accumulation season and the beginning of snowmelt 
computations for the PMP. In addition, the first approximation snowpack is also 
adjusted geographically for factors not handled in determining the first 
approximation snowpack. 
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4.7 .3.1 First Approximation to Snowpack. The generalized MAP of figure 4 
provides the basis for determining a first approximation to the accumulated 
snowpack for individual basins. Where the MAP is less than 150 in. (3810 mm), an 
average value for the basin can be used as the first approximation. For basins 
where the average MAP is 150 in. (3810 mm) or greater, an average value should 
not be used as our first approximation. For these basins, it is desirable to 
indicate the distribution of MAP through the elevations range of the basin rather 
than use a single average value throughout the basin. Allowing a uniform 
distribution of MAP for these basins with MAP larger than 150 in. (3810 mm) would 
be equivalent to stretching the distribution of MAP to unrealistic proportions. 
The procedure, therefore, must not permit unrealistically large snowpack 
accumulations. We have adopted the scheme of using two-thirds of the basin 
average MAP at the lowest elevation and four-thirds of the basin average MAP at 
the highest elevation of the basin. The variation between these two extremes is 
linear. This is shown schematically in figure 38 for an average basin MAP of 150 
in. (3810 mm) for three basins. In each case the lowest elevation is sea-level 
with the highest elevation varying by ~,000-ft increments. 

4.7 .3.2 Adjustment for Length of Snow AccUIIIUlation Season. Only a portion of 
the MAP in southeast Alaska occurs as snow. The first adjustment to the 
estimated snowpack water equivalent is to make allowances for the longer snow 
accumulation season at higher elevations compared to the lower elevations where 
mean temperatures are higher. In addition, we need to allow for melt, if any, 
between the end of the snow accumulation season and the date selected for the PMP 
event. 

Figure 39 was developed from accumulation and melt season variations with 
elevation used as input to the MAP chart. For maximizing of snowmelt, some 
additional conservativeness was built into the curve labeled "curve for beginning 
melt" (fig. 39) by use of a delay of 15 days from the mean melt date for each 
elevation. This increases the snow accumulation season, the sloping elevation 
lines on figure 39. Thus, the percents of MAP in this chart (ordinate) reflect 
this 15-day extension. Additionally, figure 39 provides the user with the number 
of days of melt for each elevation that he must allow for based upon the date 
selected for the PMP event. For example, if the PMP event were to begin May 15, 
then figure 39 (proceed vertically from the May 15 mark to say the 1 ,000-ft 
(305-m) elevation) shows that prior snowmelt would have to begin more than a 
month prior to May 15. In actual computations, the required melt for reducing 
snowpack water equivalent (in inches) is given directly in figure 40 for any 
desired beginning date for the placement of the 3-day PMP event (hereafter 
referred to as the placement date). 

4.7.3.3 Melt Between End of Snow Accumulation Season and Probable MaxiDIUD. 
Precipitation. For some basins, the range of elevations is large. For these 
basins figure 40 is needed to determine the amount of melt that must be assumed 
for reducing the snowpack water equivalent. This figure was derived from mean 
melt data used in chapter 2 as an aid in determining MAP from snow course date, 
etc. Figure 40 provides (for a given elevation) the estimated amount of melt for 
the period covered by a horizontal elevation line from the "melt begin" dashed 
curve of figure 39 to its intersection with a vertical line for the placement 
date (i.e., abscissa of figure 39). Discussion of these increasing 
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precipitation. 

melt rates with season was covered in chapter 2. The water equivalent melt 
(abscissa of fig. 40) results from multiplying days during the melt period from 
figure 39 by the adopted mean melt rates of chapter 2. 

4.7 .3.4 Geographic Variation. The snow accumulation season varies across 
southeast Alaska as a function of distance from the relatively warmer waters of 
the Pacific. The 100-percent curve (fig. 41) represents basic values of snowpack 
from application of appropriate percents for basin elevations to MAP values from 
figure 6. The placement of the 100 percent curve on this figure is empirically 
determined as is the spacing for lower and higher percentages. The magnitude and 
shaping of the lines of figure 41 comes from a compositing of all pertinent clues 
from various types of data and studies discussed in section 4.7.2 and from basic 
principles discussed in section 4.7.1. For a given MAP and elevation, the net 
result is to allow for greater snow accumulation (snowpack) inland and away from 
the warmer maritime influences. 
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Figure 40.-Required melt for period of time up to probable uximm 
precipitation. 

4.7.4 Stepwise Procedure for Snovpack (Water Equivalent) Determination 

Figure 42 is a schematic that shows the steps to determine the appropriate 
snowpack water equivalent for use with PMP. These steps are: 

a. Outline basin on 1:1,000,000 or other suitable base 
map. 

b. Determine from an appropriate topographic chart the 
mean elevation for the basin, if not already 
available. 

c. Superimpose basin on figure 6 (MAP) and determine MAP 
for the basin. If the basin MAP is less than 150 in. 
(3810 mm), use MAP value uniformly throughout the 

99 



basin. If the basin MAP is~ 150 in. (3810 mm), use 
two-thirds MAP at lowest elevation and four-thirds 
MAP at highest elevation assuming a linear variation 
between the values at the lowest and highest 
elevation. 

d. Select a placement date for the 3-day PMP event. 

e. Using date selected in d., locate this melt date on 
figure 39 and move vertically to appropriate 
horizontally extended elevation line(s) and read from 
vertical scale (coordinate in percent) the 
appropriate percent(s) of MAP. 

f. Multiply the MAP value(s) from step c. by the 
appropriate "same elevation" percent(s) from step e. 
to obtain first approximation snowpack value(s) for 
the basin. 

g. The first-approximation snowpack value(s) from 
step f. may need to be adjusted depending upon the 
basin location in relation to the ratio curves of 
figure 41. If the basin is on the curve labelled 
1.0, no regional adjustment is required. Otherwise, 
the appropriate ratio from figure 41 is applied to 
the first-approximation value of step f. 

h. The adjusted snowpack value(s) from step f. or g. may 
need to be modified further for snowpack melt prior 
to snowmelt computation date (sec. 4. 7.3 .3). The 
value to be subtracted from a given snowpack value 
from step f. or g. is determined by the use of 
figure 40. The elevation and melt date (curved lines 
of fig. 40) are used to obtain the melt, if any, to 
be subtracted. This gives the melt-adjusted snowpack 
for a particular elevation. 

If the basin of concern involves a wide elevation 
range with accompanying large variation in adjusted 
snowpack values, the user should construct an 
elevation-adjusted snowpack curve to check 
consistency and make smoothing adjustments or 
interpolations, as necessary. 

i. Apply snowmelt criteria (sec. 4 .6) to snowpack from 
steps f., or g., if required, or h. 

j. Go back to step d. with new PMP placement date and 
repeat remainder of stepwise procedure until a 
critical placement date of the 3-day PMP event for 
maximizing combined PMP and snowmelt has been 
determined. 
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4.7.5 

k. (Optional) Use procedure 
outlined in steps a. 
through j. except instead 
of a mean elevation for 
the basin (step b.), use 
elevation increments or 
bands (i.e., making use of 
an area-elevation curve) 
if all snow at the lower 
elevations is apt to be 
melted in less time than 
the hydrologically 
critical time period. 

Trial Computations and 
Comparisons. 

"+ tOT · 13f 

100 
90 
80 

.70 
60 

50 
The generalized stepwise procedure 

discussed in the previous section was 
used to compute snowpack for the 
following: Figure 41.--Geographic variation of 

a. At grid points. 

b. At grid points of high and 
low MAP. 

c. Along lines starting upwind of 
glaciers and extending into 
glacier areas. 

first approximation snowpaCk 
estimates (in percent). 

d. For numerous specific basins (using the mean 
elevation of the basin). 

e. For some basins from among those in d. using the 
elevation variations in the basin. 

f. For special locations where limited snow data and/or 
estimated snowmelt runoff were available. 

These various computations were compared with previously summarized empirical 
data and results of studies (see section 4.7.2). Figure 43 shows a summation of 
computed snowpack values. These comparisons provide a means of evaluating the 
reasonableness of the procedure outlined for estimating snowpack. All 
computations of snowpack were made for May 15. One can see from figure 40 that 
for all cases with elevation of 3,000 feet (914 m) or above, the computed values 
did not need to be reduced for snowmelt. Below 3,000 ft (914 m) the user may use 
figure 40 to find how much melt (water equivalent) had to be subtracted from 
computed snowpack in individual cases. 

From the many comparisons made, the following conclusions are noteworthy: 

1. For Juneau, our procedure gives a snowpack water 
equivalent of near 30 in. (762 mm). This is based on 
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BUTES TO SNOWPACK (e) 
(See Fi .39) 

MULTIPLY MAP 
VALUES FROM (c) 

BY PERCENT<S) 
FROM (e) TO GET 
FIRST APPROXIMA

TION SNOWPACK 

(f) 

ADJUST FIRST APPROXIMATION 
TO SNOWPACK FOR GEOGRAPHIC (g) 
LOCATION (See Fig. 4 I) 

USE FIG. 40 TO DETERMINE 
AMOUNT OF MELT FROM 
SNOWPACK PRIOR TO DATE (h) 

OF PMP STORM 

APPLY SNOWMELT CRITERIA 
SECTION 4.6 TO SNOWPACK 
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AMOUNT FROM (f), (g), IF 
REQUIRED, OR (h) 

(j) 
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Figure 42.--Schematic of procedure to determine snowpack water equivalent for use 
with probable maxiDBim precipitation. 
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a a MAP of 93 in. (2362 mm) (fig. 6), a location factor 
of 1.34 (fig. 41), and an elevation factor of 0.24 
(fig. 39) (93 x 1.34 x 0.24 = 29 .9). This can be 
compared with an unadjusted synthetic season snowpack 
water equivalent of 17 in. (432 mm). By contrast, 
much farther south at Tree Point Light Station, 
similar computations give 98 x 0.5 x .24 or 12 in. 
(305 mm) and are compared to a synthetic season 
snowpack of 6.5 in. (165 mm). Thus, for low
elevation stations with close to 100 in. (2540 mm) of 
MAP but widely separated geographically in our study 
area, the relation of computed snowpack water 
equivalent to the synthetic-season snowpack is quite 
similar. We think this lends support to the regional 
adjustment factors of figure 41. 

2. Considering the fact that the procedure for computing 
snowpack water equivalent (sec. 4. 7 .3) is set up so 
as not to generally overmax1m1ze snowpack water 
equivalent at the higher elevations, the results near 
and upwind of glaciers agree quite well with the 
areas of glaciers or of no glaciers. 

3. For a far-southerly location, Jumbo Mine, at 1,500-ft 
(457 m) elevation, a short record has indicat'ed a 
mean snowfall of 448 in. (11379 mm) and an extreme 
579 in. (14707 mm) in a year. If we assume that 
10 in. (254 mm) of snow equals 1 in. (25 .4 mm) of 
liquid equivalent, the extreme case would have a 
water equivalent of 58 in. (1473 mm), if it all 
accumulated. Computations with generalized MAP give 
about 34 in. (863 mm) which increases to about 39 in. 
(991 mm) using a MAP value of 196 in. (4978 mm) based 
on the short-record at Jumbo Mine. In such a 
comparison, we need to keep in mind our computation 
procedure uses a basin's MAP (when less than 150 in. 
(3810 mm) throughout the elevation range which 
max1m1zes snowpack water equivalent at the lower 
elevation while diminishing somewhat the extremes at 
higher elevations. 

4. Resulting snowpack water equivalent values at the 
locations where snow course data were available 
compared quite favorably. This also applied (i.e., 
favorable comparisons) where estimated snowmelt 
values were made from basin runoff data. 

4.8 Example of Use of Snowmelt Criteria 

We shall go through an example using the 18-mi2 (47-km2 ) Takatz Creek basin. 
Specific elevations will be used covering the span of elevations in the basin. 
For temperatures and dew points, sample elevations only will be used. 
Ordinarily, for snowpack, due in part to the 'method used to maximize low
elevation snowpack, the use of a single mean elevation would produce similar 
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results as the use of the mean of unweighted separate elevation computations. 
However, the user may wish to weight the elevation (or elevation bands) by means 
of an area-elevation curve (step k. in sec. 4.7.4). Also for trial computations 
at various time placements of the PMP, the low-elevation snowpack for late 
plaeements may all nel t prior to the selected critical hydrologic period for the 
basin. In our example, we shall use a May 15 PMP placement. The basic procedure 
does not change for computations for other time placements of the PMP. The 
computation of snowpack fallows the procedural concepts set forth in section 
4.7.3, and summarized as specific computational steps in section 4.7.4 while 
section 4.6 and schematic figures cover the steps for computing temperatures, dew 
points, and winds. 

4.8.1 Snowpack Determination 

The following steps are required to determine the snowpack for the Takatz Creek 
basin: 

a. The Takatz Creek basin is outlined in figure 4. 

b. From a detailed topographic chart covering the Takatz 
Creek basin, we determine that elevations from sea 
level to 5,000 ft (1,524 m). (For later computations 
of actual snowmelt criteria, the user should 
determine a satisfactory depiction of orography in 
the basin). 

c. Overlay the basin on MAP chart (fig. 6) and determine 
the average MAP for the basin. The average magnitude 
of the MAP will determine its use in the following 
fashion: 

1. If the basin average MAP is less than 150 in. 
(3810 mm), the average MAP is used without 
elevation adjustment throughout the basin. 

2. If the determined basin average MAP is equal to 
or greater than 150 in. (3810 mm), two-thirds of 
the basin average MAP is used at 1 owest basin 
elevation and four-thirds of the basin average 
MAP is used at highest basin elevation. 
Intermediate elevation values of MAP are then 
determined by assuming a linear variation of MAP 
with elevation. 

We determine a MAP of 225 in. (5715_mm) for the 
basin from figure 6. Since this is greater than 
150 in. (3810 mm), we assign (see step 2 above) a 
MAP value of 150 in. (3810 mm) to sea level and 
300 in. (7620 mm) to 5,000 ft (1,524 m). With 
linear variation between sea level and 5,000 ft 
(1,524 m) this gives 15 in. (381 mm) increase per 
500 ft (152 m). 
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d. Using May 15 with figure 39 we read the following 
percents: SFC - 24; 500 ft - 29; 1,000 ft - 34; 
1,500 ft - 39; 2,000 ft - 44; 2,500 ft ~ 49; 3,000 ft 
- 54; 3,500 ft - 58; 4,000 ft - 61; 4,500 ft - 64; 
and 5,000 ft- 67. (Note: Beyond 3,000 ft for a PMP 
date of May 15th, the percents come from extension of 
the intersection with the sloping elevation lines in 
the figure as the date is too early in the 
accumulation season at these higher elevations for 
the maximum snowpack to have yet been reached.) 

e. The MAP at the 500-ft incremental elevations from 
step c. are now each multiplied by the respective 
elevation percents from step d. The MAP, ratios of 
snowpack water equivalent to MAP, and unadjusted 
snowpack water equivalent are shown in columns (2), 
(3), and (4) of table 22, respectively. 

Table 22.--Preliminary snowpaCk computations for 500-ft (152 •) elevation 
increments for Takatz Creek basin 

(1) 

Height (ft) 
sea level 
sea level 

500 
1,000 
1,500 
2,000 
2,500 
3,000 
3,500 
4,000 
4,500 
5,000 

f. 

g. 

(2) (3) (4) 

MAP (in.) Ratio Snowpack (in.) 
150 .24 36.0 
165 .29 47.9 
180 .34 61.2 
195 .39 76.0 
210 .44 92.4 
225 .49 110.2 
240 .54 129.6 
255 .58 147.9 
270 .61 164.7 
285 .64 182.4 
300 .67 201.0 

From figure 41 the ratio for the Takatz Creek basin 
is 0.9. The unadjusted snowpacks computed in step e. 
are now multiplied by 0.9. The results are shown in 
colu~ (5) of table 22. 

Based upon required snowmelt up to May 15 from figure 
40 the regionally adjusted values in table 22 up to 
2,500 ft (last incremental elevation needing a prior 
melt adjustment from figure 40) need to have 
appropriate melt subtracted. The melt-adjusted 
values are shown in table 23. 
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(5) 
Regionally 
adjusted 
snowpack 

(in.) 
32 
43 
55 
68 
83 
99 

117 
133 
148 
164 
181 



Table 23.--Final snowpaCk values for 50G-ft (152 m) 
elevation increments Takatz Creek basin 

Elevation (ft) 
Sea level 

Regionally 
adjusted 

snowpack (in.) 
32 
43 
55 
68 
83 
99 

Melt 
10 
9 
7 
6 
4 
2 

Melt adjusted 
snowpack 
(in.) 

22 
34 
48 
62 
79 
97 

500 
1,000 
1,500 
2,000 
2,500 
3,000 Same as regionally adjusted values in table 22 

4.8.2 Temperature Criteria Prior to Probable Maximum Precipitation 

Due to the frequency with which temperatures and dew points will be given in 
subsequent sections, particularly where long sequences are involved, the values 
will be given in degrees Fahrenheit only. The user may obtain celsius 

5 equivalents with the formula: C = -g- (F-32). 

a. Since we chose May 15 for our example, we read from 
figure 31, 46°F. 

b. For the high-temperature case (using departures shown 
in figure 33), a sequence of temperatures beginning 
6 days prior to the first day of the 3-day PMP event 
will be 56°, 58.5°, 53.5°, 52°, 52° and 52°F. 
[Note: If the mean temperature for any day were to 
exceed 62°F, 62°F temperature would be used for that 
day (sec. 4.2.3, fig. 33)] 

c. For the high-dew-point case, the temperatures for 
beginning 6 days prior to first day of the 3-day PMP 
event are: 51°, 51°, 49°, 48°, 48° and 48°F. 

d. In applying elevation adjustments (fig. 33), we shall 
work with a single elevation, 1,000 ft, since 
corrections for other elevations would simply be at 
the same rate. Hence, for 1,000 ft, subtracting 4°F 
from the readings in step b. gives, 52°, 54.5°, 
49.5°, 48°, 48° and 48°F for the high-temperature 
case. Likewise, in subtracting 3°F from the high
dew-point sequence, we get for 1,000 ft, 48°, 48°, 
46°, 45°, 45°, and 45°F. 

4.8.3 Dew-Point Criteria Prior to Probable Maxiaua Precipitation 

a. Dew points for the high-temperature case come from 
the adjustments on figure 35. For a 6-day sequence 
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prior to the first day of the 3-day PMP event, the 
adjustments are -1S 0

, -1S 0
, -1S 0

, -13°, -13° and 
-13°F. Application of these adjustments to the 
high-temperature case values of section 4.S.2.d gives 
the dew-point sequence: 34°, 36.5°, 31.5°, 35°, and 
35°F. 

b. Dew points for the high-dew-point case also come from 
adjustments on figure 35 and are -S 0

, -S 0
, -6°, -4°, 

-4 ° and -4 °F. Application of these adjustments to 
the high-dew-point case values of section 4.S.2.d 
gives the dew-point sequence 40°, 40°, 40°, 41°, 41°, 
and 41 °F. 

4.8.4 Temperature and Dew-Point Criteria During the Probable Maximum 
Precipitation 

As pointed out in section 4.6 .3, the temperatures during the 3-day PMP event 
are determined by the dew points. 

a. Variation of mean dew point over a few days is 
slight. We shall read the maximum 1-day dew point 
applicable for May 15 from the mid-May map of 
figure 34. We read 50.5°F. This is both dew point 
and temperature. 

b. Since our PMP date is May 15, we do not need to 
develop a smooth curve through values for successive 
months and interpolate for the desired date. 

c. Subtracting 2°F (step c.J, fig. 35, and sec. 4.6.3) 
from 50.5°F gives 4S.5 F for the second highest 
rainfall day of the PMP. This is both dew point and 
temperature. 

d. Subtracting 4°F (step d.~, fig. 35, and sec. 4.6.3) 
from 50.5°F gives 46.5 F for the third highest 
rainfall day of the PMP. This is both dew point and 
temperature. 

e. The three days of dew points and temperatures 
adjusted for a 1,000-ft elevation are 47.5, 45.5, and 
43.5°F (i.e., -3°/1,000 ft) applied to temperatures 
in a., c., and d. of this section. 

4.8.5 Half-Day Values of Temperatures and Dew Points 

a. During the 3-day PMP event, half-day (maximum and 
minimum dew points) values come from applying + 2°F 
and are, therefore, 4S.5° and 52.5°F (maximum day of 
PMP) 46.5° and 50.5°F, and 44.5° and 4S.5°F (lowest 
day of PMP). Likewise, for the 3 days of maximum and 
minimum temperatures during PMP, we get by applying 
+2°F, 4S.5° and 52.5°F, 46.5° and 50.5°F, and 44.5° 
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and 48.S°F. The 1,000-ft values are obtained by sub
tracting 3°F from all of the above values. 

b. For half-day dew points for the high-temperature case 
prior to the 3-day PMP event, we apply +3°F to the 
values of step a, section 4.8.3. Thus,-we get 3S 0 

and 41°F, 37.S 0 and 43.S°F, 32.S 0 and 38.S°F, 36° and 
42°F, 36° and 42°F, and 36° and 42°F. The 1, 000-ft 
values are obtained by subtracting 4°F from all the 
above values. 

c. For half-day dew points for the high-dew-point case 
prior to the 3-day PMP event, we apply +2°F to the 
values of step b. of section 4.8.3. Thus; we get 41° 
and 4S°F, 41° and 4S°F, and 41° and 4S°F, 42° and 
46°F, 42° and 46°F, and 42° and 46°F, The 1, 000-ft 
values are obtained by subtracting 3°F from all of 
the above values. 

d. To obtain half-day temperatures for the high
temperature case prior to the 3-day PMP event, we 
apply +9°F to the values of step b., section 4.8.2. 
Thus, we get 4r and 6S°F, 49. S0 and 67. S°F, 44. S0 

and 62.S°F, 43° and 61°F, 43° and 61°F, and 43° and 
61 °F. The 1, 000-ft values are obtained b'y 
subtracting 4°F from all of the above values. 

e. To obtain half-day temperatures for the high-dew
point case prior to the 3-day PMP event, we apply 
+6°F to the values of step c., section 4.8.2. Thus, 
we get 4S 0 and S7°F, 4S 0 and S7°F, 43° and SS°F, 42° 
and S4°F, 42° and S4°F, and 42° and S4°F. The 
1,000-ft values are obtained by subtracting 3°F from 
all above values. 

4.8.6 Wind Criteria 

4.8.6.1 Winds During Probable Maximum Precipitation. Except for determination 
of barrier adjustments explained in section 4.4.1.2, the wind criteria both for 
prior to and during PMP may be determined from following the wind schematic of 
figure 36. We shall develop the wind criteria for the Takatz Creek by a stepwise 
procedure• 

a. The no-barrier all-season 3 days of PMP wind are 36, 
28, and 2S mph (16.1, 12.S and ll.2 m/s), 
respectively. For May 1S, our placement date, these 
values reduce to 33, 26, and 23 mph (14.8, 11.6, and 
10.3 m/s), (i.e., 92 percent of the April values). 

b. Using the generalized barrier chart (fig. S), lines 
are drawn from the center of the basin to the coast 
toward the following directions: 2S6°, 229°, 202°, 
17 S0

, and 148°. The maximum barriers intersected 
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along each of these lines to the coast are read from 
figure 5. These are estimated to the nearest 500 ft 
(152m), 5,000, 4,000, 3,500, 3,000 and 3,000 ft 
(1,524, 1,220, 1,067, 914 and 914 m). The mean of 
these elevations is 3,700 ft (1,128 m). Therefore, 
we reduce the basic winds for the 3 days of the PMP 
event by 18.5 percent (i.e., 3.7 x 5). This gives 
27, 21, and 19 mph (12.2, 9.4, 8.5 m/s) for barrier
adjusted values. 

c. Since the elevation adjustment of winds is nonlinear 
(unlike the adjustments for temperature and/or dew 
point), we shall compute winds for two separate 
elevations, 1,000 and 5,000 ft (305 and 1,524 m) to 
adequately illustrate the procedure. For 1, 000 ft 
(305 m), the winds for the 3-day PMP event are (using 
107 percent from figure 36) 29, 22 and 20 mph (13.0, 
9.8, and 8.9 m/s). The 5,000-ft winds are (using 
225 percent from figure 36) 61, 47, and 43 mph (27.3, 
21.0, and 19.2 m/s) 

4.8.6.2 Winds Prior to Probable Maximum Precipitation 

a. For the high-temperature case, the basic May 15 
maximum i -day wind for the PMP event of 33 mph 
(14.8 m/s) (step a. 1, section 4.8.6.1) is multiplied 
by the following percents (fig. 36) for a wind 
sequence beginning 6 days prior to the 3-day PMP 
event: 29, 29, 29, 19, 55 and 42. This gives for 
sea level a sequence of winds of 10, 10, 10, 6, 18 
and 14 mph (4.5, 4.5, 4.5, 2.7, 8.0, and 6.3 m/s). 

b. The high-temperature case 1,000-ft (305-m) 
(102 percent, fig. 36) and 5,000-ft (1,524-m) 
(134 percent, fig. 41) winds are: 10, 10, 10, 6, 18 
and 14 mph (4.5, 4.5, 4.5, 2.7, 8.0, and 6.3 m/s) and 
13, 13, 13, 8, 24, and 19 mph (5.8, 5.8, 5.8, 3.6, 
10.7, and 8.5 m/s), respectively. 

c. For the high-dew-point case, the basic May 15 maximum 
1-day wind for the 3-day PMP event of 33 mph 
(14.8 m/s) is multiplied by the following percents 
(fig. 36) for a wind sequence beginning 6 days prior 
to the 3-day PMP event: 29, 29, 29, 32, 65, and 
55. This gives a sea-level sequence of winds of 10, 
10, 10, 11, 21, and 18 mph (4.5, 4.5, 4.5, 4.9, 9.4, 
and 8.0 m/s) 

d. The high-dew-point case 1,000-ft (305-m) 
(107 percent, fig. 36) and 5,000-ft (1,524-m) 
(225 percent, fig. 36) winds are: 11, 11, 11, 12, 22, 
and 19 mph; (4.9, 4.9, 4.9, 5.4, 9.8, and 8.5 m/s) 
and 22, 22, 22, 25, 47, and 40 mph (9.8, 9.8, 9.8, 
11.2, 21.0, and 17.9 m/s), respectively. 
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APPENDIX A 

Summary of the Availability of Streamflow Reco.rds for Southeast Alaska 

Streamflow data from various sources were collected, reviewed, summarized, and 
compared. Water Supply Paper No. 1372 (U. S. Geological Survey, 1957) summarized 
streamflow data through September 1950 on an hourly and yearly basis. A bar 
chart on page 15 of this report summarized the available data. Some 
miscellaneous early records that this paper did not include may be found in a 
Federal River Commission Report (Federal Power Commission and U.S. Department of 
Agriculture, 1947). These are identified in table 2. Except for these early 
records, stream gaging numbers are assigned by the u.s. Geological Survey. 

Water Supply Paper No. 1372 summarizes by daily and monthly discharges the 
records for the years 1946-50. This summation in report 1372 includes 
examination and correction of computational errors previously made. In some 
cases where revision was considered necessary but not possible to accomplish, the 
record was e1 imina ted. On the other hand, wherever possible, estimates of 
streamflow were made to "fill short gaps to complete the continuity of record." 

The period 1950 to September 1960 was covered in Water Supply Paper No. 1740, 
while Water Supply Paper No. 1936 covers the 1960 to 1965 period. These water 
supply papers give daily discharges. Mean discharges are given for only those 
gaging stations with 5 years or more of record. . Since. 1965 streamflow data are 
obtained from annual copies of Water Resources Data for Alaska. (U.S. Geological 
Survey, various years)*. 

*U.S. Geological Survey, 1966-1974: Water Resources Data for Alaska, Part I 
Surface Weather Records Data for Southeast Alaska, Department of Interior. 
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